Heritabilities and genetic correlations in a Canchim beef cattle herd were estimated using data on the following traits: male scrotal circumference at twelve months (SC12); days to first calving (DFC) for heifers; days to calving (DC) for cows; male and female weight (W) at twelve months (W12); heifer weight at the start of the first breeding season (WFBS) and at first calving (WFC); and cow weight at the start of the breeding season (WBS) and at calving (WC). Analyses of the DFC and DC traits were carried out excluding and including penalized (DFC P and DC P ) non-calving females. The restricted maximum likelihood method was used, applying one-trait models for the DFC and DC analyses and two-trait models for analyses of DFC and DC combined with the other traits studied. Statistical models included fixed and additive direct random effects for all traits, maternal permanent environmental random effect for SC12 and W12, and the animal permanent environmental random effect for DC P , WBS and WC. We found that DFC and DC values can be improved by selecting for an increase in the SC12. Genetic correlations between DFC and W12 and between DC and W12 indicated that selection for increased W12 may increase DFC but does not produce significantly correlated responses in DC. Associations of the other body weight traits with DC and DFC suggest that heavier females experience lower reproductive performance.
Introduction
In Brazil beef cattle genetic evaluation programs are now taking into account reproductive traits instead of growth traits only (Euclides Filho, 1999) . The inclusion of reproductive traits allows breeders to save time by exposing heifers earlier to reproduction and thus reducing the generation interval.
Scrotal circumference (SC) of males and weight at different ages are traits usually used in expected progeny difference indices, and their application has lead to satisfactory gains in growth and reproductive rates Gunski et al., 2001; Pereira et al., 2001) . Bourdon and Brinks (1983) and Bergmann et al. (1998) reported that the calving interval (CI) is subject to more measurement and estimation bias and errors than days to calving (DC). The DC trait has been recommended for assessing the reproductive performance of females because the DC value predicts the ability of individual dams to conceive early in the breeding season and to calf early in the calving season (Gressler et al., 2000) . Furthermore, DC identifies females with the highest fertility and the bulls whose daughters have lower DC values and calve sooner . Phenotypic expression of DC is a composite trait, which combines sire effects associated with libido and semen quality, dam effects associated with beginning of the estrus cycle and fertility and calf effects that control the start of parturition (Macneil and Newman, 1994) .
Female body weight (W) at the beginning of the breeding season (WBS) and at calving (WC) are other factors affecting herd reproductive performance. According to Randel (1990) , the body weight and condition score of the cow at calving are indicators of subsequent reproductive performance because inadequate pre-or post-parturition nutrition in terms of protein and/or energy reduces the first service conception and gestation rates.
The Canchim (5/8 Bos taurus Charolais + 3/8 Bos indicus Zebu) beef cattle breed has been studied both as a pure breed and in crossbreeding programs, and researchers are studying appropriate selection criteria for this breed to increase herd productivity (Alencar et al., 1981; Alencar and Bugner, 1986; Alencar et al., 1993; Mello et al., 2002) . However, despite the previous research, data associating the scrotal circumference of males and female body weight at different points in the reproductive cycle with female reproductive traits are still scarce in this breed. Genetic analyses of the days to first calving (DFC) and DC trait for Canchim females and the relationship of these traits with the scrotal circumference of 12-month males (SC12), male and female 12-month body weight (W12) and the weight of the cow at the start of the breeding season (WBS) and at calving (WC), all of which have not previously been defined for this breed, would help breeders to choose selection criteria and obtain genetic progress in herd productivity. The objective of this study was to estimate heritabilities for the DFC and DC traits and assess their genetic correlation with the SC12, W12, WBS and WC traits in a Brazilian Canchim herd.
Material and Methods
The data used in this study came from the Canchim herd of Southeast -Embrapa Cattle, an unit of the Brazilian Agricultural Research Corporation (Empresa Brasileira de Pesquisa Agropecuária -Embrapa), located near the town of São Carlos in the Brazilian state of São Paulo. The cattle in the herd were raised on pasture and received a mineral mixture and health care appropriate for the region. The climate of the region is tropical CAw on the Köppen climate classification. The herd was maintained closed since its formation in 1953 until 1999 when new Canchim lines started to be introduced, inbreeding however, was always avoided.
Reproductive management of the females in the herd included different criteria regarding when they were serviced by bulls. Initially, heifers were first serviced when they were about 34 months old but this was reduced over the years and is now about 22 months. Body weight of the heifers at the time of service and breed traits were also taken into account. Furthermore, after calving the cows were initially serviced after weaning but from 1976 onwards all cows were serviced during the breeding season except for those which would calve after the end of the current breeding season. Breeding groups were composed of one bull and about 30 cows but since 1979 artificial insemination was also used. Culling of cows was mainly due to diseases and/or accidents, but in 1977 culling due to low fertility (two consecutive failures) was started.
The DFC and DC data were from 2,105 females born from 1953 to 2001, which participated in breeding seasons from 1957 to 2003. The breeding seasons had no fixed starting or finishing month and were of variable length. In some years there were two breeding seasons, one in the first and another in the second semester.
The DFC and DC records were calculated from the difference between calving date and the date of the beginning of the breeding season. Another set of data was formed, in which females which did not conceive during the breeding season received a penalty and had their DFC and DC values calculated as 21 (one estrus cycle) plus the highest DFC and DC of its contemporary group (Johnston and Bunter, 1996) . The penalized values were generally denominated DFC P and DC P . Two data sets were formed for DC and DC P , one for cows only (DC C and DC PC ) and another for heifers plus cows (DC HC and DC PHC The number of animals and observations for each trait are shown in Table 1 . Before the analyses, data referring to twins, abortion, embryo transfer, exhibition animals, supplemented animals, experimental animals and outliers were deleted from the database.
Variance and covariance components and genetic parameters were estimated by the restricted maximum likelihood method using the MTDFREML program (Boldman et al., 1993) .
A one-trait animal model was used to estimate the DFC, DFC P , DC C , DC HC , DC PC and DC PHC heritabilities. For the DC and DC P data the one-trait model included not only additive direct random effects but also fixed effects of contemporary group (breeding season, mating type (natural service or artificial insemination) and service bull), physiological state of the female (first breeding season heifer, cow with or without a calf, and cow which calved during the breeding season) and age of the female at the beginning of the breeding season as a covariate (linear and quadratic effects). This model was applied without animal permanent environmental effects (model 1) and with animal permanent environmental effects (model 2) and the two models compared using the likelihood ratio test (Mood et al., 1974) . For analyses of DFC and DFC P data the model considered only contemporary group fixed effects and additive direct random effects. Previous least squares analyses of the data showed no age of heifer effect on these traits so the models did not consider this covariate. Two-trait analyses were used to obtain genetic correlations for the DC, DC P , DFC and DFC P traits with the SC12, W12, WC, WFC, WBS and WFBS traits. Analyses of the DC P and DC data were carried out using a data set which included both cows and heifers (DC PHC and DC HC ). The models used for the DC HC , DC PHC , DFC and DFC P data were the same as were used for the one-trait analyses, except that permanent environmental effects were considered only for the DC PHC data due to results of the likelihood ratio tests of the one-trait analyses. Models for the analyses of the SC12, W12, WC and WBS data included fixed effects, a covariate and additive direct and permanent environmental random effects, maternal (for the SC12 and W12 data) or animal (for the WC and WBS data). For the SC12 data, residual covariance was set to zero because the data records were taken from different animals. Fixed effects and covariates included in the models of each trait were as follows: SC12, contemporary group (year and month of birth), age of the animal (linear effect); W12, contemporary group (sex, year and month of birth), age of cow at calving (linear and quadratic effects); WC, contemporary group (year and month of birth) and physiological state of the female, age of cow at calving (linear and quadratic effects); and WBS, breeding season and physiological state of the female, age of cow at the beginning of the breeding season (linear and quadratic effects).
Classification of the physiological state of the female for the WC and WBS data was the same as for DC and DC P data. For the WFC data models included not only additive direct effects but also contemporary group (year and month of birth) and age of cow at calving (linear effect) fixed effects, while for the WFBS data they included additive direct random effects and breeding season and age of cow at the beginning of the breeding season (linear effect) fixed effects.
Results and Discussion
A descriptive summary of the traits studied is presented in Table 1 . The Canchim SC12 and W12 means in our study agreed with those previously reported for the same Canchim herd (Gianlorenço et al., 2003; Talhari et al., 2003) and the DC HC , DC PHC , DFC and DFC P means were similar to values reported for Nelore beef cattle (Pereira et al., 2001; Mercadante et al., 2002; Forni and Albuquerque, 2005) . Furthermore, the WC mean in our study was similar to that reported for ½ Canchim + ½ Nelore females (Alencar et al., 1999) and the WBS mean was only a little higher than that reported for Nelore cattle (Mercadante et al., 2004) .
Variance components, heritabilities and the portion of the total phenotypic variation due to permanent environment, estimated by the one-trait analyses, for DC, DC P , DFC and DFC P , are presented in Table 2 . Our Canchim DFC (h 2 = 0.22 ± 0.07) and DFC P (h 2 = 0.15 ± 0.05) heritability estimates were higher than the Nelore date of first calving heritability (h 2 = 0.11) obtained by Gressler et al. (2000) and the Nelore DFC and DFC P heritability (h 2 = 0.07 in both cases) reported by Mercadante et al. (2002) . It can be seen that in our study the inclusion of females which did not calve decreased DFC heritability 1072 Genetic analyses of Canchim cattle (Table 2) , contrasting with the results reported by Mercadante et al. (2002) who found that heritability was the same for both DFC and DFC P . Our DFC heritability estimates suggest that this trait presents sufficient genetic variation to respond to selection.
In our analyses of Canchim DC and DC P data the inclusion of permanent environmental effects in the model (model 2) reduced the additive direct component of variance. However, comparison of models 1 and 2 indicated that this effect was significant only for the DC P data with cows and heifers (DC PHC ) or with cows only (DC PC ). This suggests that a large part of the additive genetic variance in model 1 (without permanent environmental effects) was due to non-additive animal effects, with the inclusion of permanent environmental effects in the model (model 2) reducing heritability estimates from h 2 = 0.07 for DC PC and h 2 = 0.09 for DC PHC in model 1 to h 2 = 0.03 for DC PC and h 2 = 0.05 for DC PHC in model 2 (Table 2 ). There were no differences between models for the non-penalized data (DC C and DC HC ), indicating that the permanent environmental effect for the animal was not an important factor. Our observations are supported by the fact that Pereira et al. (2000) reported that in a two-trait analysis of Nelore cattle there was a decrease in DC P heritability from 0.17 to 0.07.
We also found that the model 1 DC estimated heritability calculated without penalized data, was low at h 2 = 0.04 for cows only and h 2 = 0.05 for heifers plus cows (Table 2 ) and similar to the lower limit (h 2 = 0.02 to h 2 = 0.09) of the heritability estimates reported by Mercadante et al. (2002) and Forni et al. (2003) using models which included permanent environmental effects. Furthermore, our model 2 DC P heritability estimates using penalized data were also low at h 2 = 0.03 for cows only and h 2 = 0.05 for heifers plus cows (Table 2) and were lower than the h 2 = 0.07 to h 2 = 0.16 reported by other workers (Meyer et al., 1991; Johnston and Bunter, 1996; . In our herd, the low values of the fraction of variance attributed to permanent environmental effects and of heritabilities indicate the greater influence of the temporary environment on DC and DC P values.
We found a small increase in DC heritability estimates when cows which did not calve were included in the cow (DC PC ) and cow and heifer (DC PHC ) data sets, despite the fact that the magnitude of the standard error suggests that the differences were not significant. However, this increase may have been due to the fact that the data sets which included non-calving females were less selected than the data sets which did not include non-calving females, that is, using only fertile females could mask some trait variability and genetic differences between animals. We also found that with the penalization DFC heritability decreased from h 2 = 0.22 to h 2 = 0.15 (Table 2) , but due to high standard errors this difference may not be significant. Mercadante et al. (2002) reported that DC heritability increased from h 2 = 0.02 to h 2 = 0.12 with the inclusion of non-calving heifers and cows, although for DFC heritability these workers did not find the effect of inclusion or exclusion of noncalving heifers.
The DFC and DFC P heritability coefficients were higher than the corresponding DC and DC P values, indicating higher genetic variability for heifers than for cows. This could be the result of the culling of open cows, changes in genetic or residual variances (or both) or it could be related to differences in the age at which puberty occurred in the heifers, which would obviously be a less important factor for cows. These comments reflect those made by Meacham and Notter (1987) . Inclusion of heifers in cows data sets caused non-significant increases in DC heritability, with or without penalized data, probably due to the higher additive genetic variability of the trait DFC. Genetic parameter estimates obtained by the two-trait analyses of DFC and DFC P with SC12, W12, WFC and WFBS, and of DC HC and DC PHC with SC12, W12, WC and WBS, are presented in Table 3 . It should be emphasized that permanent environmental random effects were only included in the DC PHC model. Heritability estimates of DFC, DFC P , DC HC and DC PHC obtained in the two-trait analyses were in agreement with those estimated in the one-trait analyses. Studies in beef cattle have reported lower heritability estimates for DFC and DFC P (Johnston and Bunter, 1996; Forni and Albuquerque, 2005) and similar heritability estimates for DC and DC P (Meyer et al., 1991; Johnston and Bunter, 1996; Pereira et al., 2000; Pereira et al., 2001; Forni and Albuquerque, 2005) .
Heritabilities estimates of SC12 and W12 (Table 3) were also within the range previously obtained for beef cattle (Meyer et al., 1991; Gressler et al., 2000; Mello et al., 2002; Forni and Albuquerque, 2005) . Published studies involving WFC and WFBS are scarce but in our study the heritability estimates obtained for these traits were of medium magnitude, indicating that it is possible to obtain genetic progress for theses traits by selection. We found that the heritability for WBS was h 2 = 0.35 and 0.34, equal to that reported by Mercadante et al. (2004) (h 2 = 0.34) but higher than the h 2 = 0.21 obtained by Meyer et al. (1991) for weight at breeding. Our WC estimated heritability was high (0.52 and 0.51).
We found that the genetic correlations (r g ) of SC12 with DFC (r g = -0.32) and DFC P (r g = -0.30) were favorable, indicating that selection for SC12 would have a positive effect on female reproductive efficiency. These estimates are higher than the r g = -0.14 for Nelore DFC and scrotal circumference at 18 months (SC18) reported by Forni and Albuquerque (2005) . In our study the genetic correlations of DC and DC P with SC12 were also favorable and within the range of r g = -0.41 to r g = -0.04 previously reported for the correlation between these female traits and SC18 for Australian beef cattle (Meyer et al., 1991) and for B. indicus Nelore cattle . In fact, the genetic correlation between SC12 and DC P reported for Angus cattle by Meyer et al. (1991) was r g = -0.28, which is similar to the r g = -0.20 estimated in this study for the same two traits. The favorable genetic correlations of SC12 with DFC, DFC P , DC HC and DC PHC show that male SC12 is a good selection criterion when improvement in female reproductive traits is desired, and may result in genetic gain of both precocity and fertility.
Genetic correlations of DFC and DFC P with W12 were positive, although of low magnitude (Table 3) , indicating that heavier heifers may have lower reproductive performance at first calving. These results agree with those reported by Johnston and Bunter (1996) , who observed positive genetic correlation values of r g = 0.08 and r g = 0.10 between DFC and body weight. Forni and Albuquerque (2005) found a genetic correlation close to zero (r g = -0.02) between DFC and 18-month weight.
We found that the genetic correlations of DC HC and DC PHC with W12 were negative but close to zero, indicating that the traits may be controlled by different sets of genes with additive action. These estimates agree with the value of -0.05 reported by Meyer et al. (1991) for the correlation between DC P and W12 in Angus cattle but differed from the values of 0.74 and -0.36 in B. taurus Hereford and crossbred zebu cattle, also cited by Meyer et al. (1991) . Forni and Albuquerque (2005) , with Nelore cattle, and Johnston and Bunter (1996) , with Angus cattle, estimated genetic correlations of 0.07 for weight at 18 months of age with DC and DC P.
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Genetic analyses of Canchim cattle Genetic correlations of DFC and DFC P with WFC and WFBS, and of DC and DC P with WC and WBS were not found in literature. Correlations obtained in this study were from low to medium and positive, suggesting that females with genetic potential for greater body weights should need more days to calve and to first calving. There was a tendency to increase these correlations with the inclusion of females which did not calve in the data sets, indicating that these females (penalized in the analyses and considered of lower fertility) were probably the heaviest.
From the estimates of genetic correlations of DFC and DFC P with WFC and WFBS, and of DC HC and DC PHC with WC and WBS, it is possible to infer that heavier females show lower reproductive performance, both at first calving and as adults. According to Dickerson (1978) , when nutritional limitations occur, such as those predominating in extensive production systems in tropical regions, smaller individuals should be more precocious, starting reproduction and reaching mature weight faster. These animals would require less nutrients for maintenance than larger animals, and would be more fertile and better adapted to nutritionally stressful conditions (Fitzhugh, 1978) .
In summary, our data suggests that it is possible to improve female days to calving and days to first calving by selecting for increase in male scrotal circumference at 12 months of age. Furthermore, selection to increase body weight at 12 months of age does not seem to produce significant correlated responses in days to calving, but may increase days to first calving.
